Evolution Strategies (ES) have more excellent property than the other existing meta-heuristics in a sense of easiness of coding and its manageability of self-adaptive strategy. Hirabayashi et al. proposed a facility layout method using ES and they recommended to solve a layout problem multiple times by changing the values of the recombination parameters for obtaining a good layout. In ES, it is know that the recombination parameters affect the performance of the ES quite directly. This paper proposes a facility layout method using Distributed ES. In the method, ESs with different recombination parameter values are performed in parallel. Some numerical experiments made it clear that the proposed method provide solutions with the same accuracy as the previous method even though the computation time of the proposed method is about one-fourteenth of the previous method.
INTRODUCTION
The material handling cost is a very important factor for company to reduce the total manufacturing cost. Since facility layout is crucial to reduce the material handling cost, various methods have been proposed for obtaining good layouts of facilities. Most promising and well-known heuristic approaches for handling layout problems are Simulated Annealing (SA) and Genetic Algorithms (GA). Heragu et al. [1] , Tam [2] and Kim et al. [3] proposed the SA algorithms for solving their facility layout problems. Tam [4] , Chan et al. [5] , Tate et al. [6] and Hamamoto et al. [7] had proposed genetic algorithms for handling their facility layout problem. As seen above, many metaheuristic algorithms for solving facility layout problems have been developed, but still require much computation time when the number of facilities is large. It is important for generating promising layouts to use layout methods which can flexibly allocate facilities at any point on the real-valued space. Das proposed a layout method based on Mathematical Programming [8] . Dunker et al. developed a hybrid method between Mathematical Programming and Genetic Algorithms [9] . And they also proposed a layout method based on Dynamic Programming [10] . Since Evolution Strategies have more excellent property than the existing meta-heuristics such as GA in a sense of easiness of coding and its manageability of self-adaptive strategy, Hirabayashi et al. proposed an efficient layout method using Evolution Strategies, provided that facilities have different occupying areas and can be allocated at any point on the real-valued space [11] , [12] . In their research, it is recommended to solve a layout problem multiple times by changing the values of the recombination parameters in order to obtain a good layout. Because the recombination parameters affect the performance of the Evolution Strategies quite directly. This paper proposes a facility layout method using Distributed Evolution Strategies to reduce the time the multiple times calculation. The effectiveness of the proposed method is examined through numerical experiments.
LAYOUT MODEL AND FORMULATION
Assumptions to formulate a layout problem are given as follows: 1. Shapes of facilities are rectangles with different areas. 2. Distance between any two facilities is defined by the orthogonal distance between two center points of these facilities. Under these assumptions, a facility layout problem in this study is formulated as follows:
s.t.
where notations are defined as follows.
M = the number of facilities, Fij = work flow between facilities i and j, Dij = the orthogonal distance between facilities i and j, (xi, yi) = variables representing coordinates of the center point of facility i, wi, vi = a half of the width and height of facility i satisfying wi
, binary variable indicating facility orientation. If facility i is located vertically so that the horizontal length of facility i is equal to 2vi, then di = 1. Conversely, if facility i is located horizontally so that the horizontal length of facility i is equal to 2wi, then di = 0, gij = {0,1}, binary variable indicating facility interference as shown in Figure 1 . If any portion of facility j enters the y axial direction interference zone of facility i, then gij = 1, meaning that equation (3) is effective. Conversely, if any portion of facility j enters the x axial direction interference zone of facility i, then gij = 0, meaning that equation (2) is effective,  = a large number greater than
The objective function (1) represents the workflow cost. Constraints (2) and (3) ensure that there are no overlapping facilities in the layout. The decision variables are xi, yi (real numbers) and di (= 0 or 1), i = 1, 2, …, M.
3 LAYOUT METHOD USING EVOLUTION STRATEGIES Evolution Strategies are solution methods imitating the process of natural evolution to solve optimization problems [13] . These methods are sometimes better than Genetic Algorithms from the view point of optimization because of the easiness of coding and the use of self-adaptive strategy [14] , [15] . ES basically consist of three procedures, selection, recombination and mutation. Selection method in ES is completely deterministic, that is, the  best 
Mutation
The individuals are obtained by applying mutation and recombination. Mutation procedure is formulated as follows [16] :
where notations are defined as follows. m : mutation operator, 
where
Recombination
Recombination procedure is formulated as follows:
)
where notations are defined as follows. r : recombination operator, P : population, S, V : parents internally chosen by r, 
Fitness function
If the objective function of a layout problem, defined by equation (1) , is directly used as a fitness function of ES, a feasible layout cannot always be generated. In this study, feasibility constraints are incorporated into the fitness function by introducing a penalty term corresponding to overlapped areas of any two facilities as follows:
where ij K = overlapped area between facilities i and j ,  = penalty.
DISTRIBUTED EVOLUTION STRATEGIES
In the previous method [12] , 15 patterns of recombination parameters shown in Table 1 were set by changing the fraction NR : DR : IR, in equations (12), (13) Numerical experiments for 8 facilities [12] revealed that the objective function values of the solutions obtained under each of 15 patterns of parameter settings differed by 16% at the maximum, 5% at the minimum and 9% on the average. Therefore, in the previous research, it was recommended to solve a layout problem multiple times by changing the values of the recombination parameters in order to obtain a good layout. To reduce the time of the multiple times calculation, this paper proposes a facility layout method using Distributed Evolution Strategies. The framework of the proposed method is shown in Figure 2 . In the method, several ESs (Ei, i = 6.  = 100.
7.  = 400.
NUMERICAL EXPERIMENTS

Experimental design
Experimental design is implemented as follows: 1. The number of facilities, M = 8. 2. The work flow between each facility is generated as random values uniformly distributed on [1, 50] .
3. The width and height of each facility is given as integers randomly generated from a uniform distribution on [4, 18] .
4. Final generation = 20000.
5. Penalty,  = 250.
6.
Step-size parameter,  = 0.05. For various values of Xp, the generation where parallel processing are terminated, the effectiveness of the proposed method(Distributed Evolution Strategies) is examined in comparison with the previous method(Normal Evolution Strategies) [12] . The values of the degree of accuracy(ACU) and the computation times (Time (sec)) are shown in Table 2 . Table 2 are average values for 20 problems, and the average calculation time of the previous method is 1371 seconds.
Referring to the value of ACU2 in Table 2 , the best approximation degree is obtained when Xp = 2000, and when Xp is 4000 or more, the solution becomes worse as the value of Xp increases. In the case of Xp = 20000, the value of the objective function is about 2.7 times the value of the previous method. Therefore, the effect of the combined influence of different recombination parameters due to parallelization can be seen before roughly 10000 generations, and it can be said that it is not effective even if parallel processing is executed up to final generation. Referring to the value of ACU1 in Table 2 , it can be seen that the objective function values of the solutions of the proposed method is only about 2% worse than the objective function values of the previous method when Xp = 10000 or less. Especially, when Xp = 2000, the best solution with an average degree of approximation of 1.001 is obtained. The performance of the proposed layout method is also examined by comparing with the optimum solution obtained by using IBM ILOG CPLEX. Problem P1 can be transformed into the following mixed integer linear programming problem [9] . Solving it by using CPLEX, we obtain the optimum solutions.
where notations are defined as follows. and the computation times (Time (sec)) are shown in Table  3 . The values of ACU are derived as the ratio of the objective function values obtained by each layout method to those obtained by CPLEX.
As shown in Table 3 , it was clarified that the proposed method provide solutions with the same accuracy as the previous method even though the computation time of the previous method is about 14 times as long as that of the proposed method.
CONCLUSIONS
A facility layout method using Distributed Evolution Strategies was proposed in this paper. The performance of the proposed method was evaluated by comparing with the optimum solutions obtained by MIP solver IBM ILOG CPLEX 12.2 and it was also compared with that of the previous layout methods based on Normal Evolution Strategies. Numerical experiments were implemented in cases of M = 8 to demonstrate that the proposed method provides layouts whose average relative error to the optimum layouts are less than 2%, reducing computation time drastically and the layouts have the same accuracy as the previous layout methods based on Normal Evolution Strategies even though the computation time is within onefourteenth of it.
